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DENTAL FLOSS 
This invention relates generally to the field of filaments and extrusion 
methodology for producing such and more particularly relates to multicomponent floss 
materials and methods for producing such. 
5 Tooth decay and dental disease can be caused by bacterial action 

resulting from plaque formation around the teeth and/or the entrapment of food 
particles in interstices between teeth. Removal of plaque and entrapped food particles 
reduces the incidence of caries, gingivitis, and mouth odors as well as generally 
improving oral hygiene. Conventional brushing has been found to be inadequate for 

1 0 removing all entrapped food particles and plaque. To supplement brushing, dental 
flosses and tapes are used. 

Monofilament, single component elastomeric fibers have been produced 
from various materials. When the material is soft enough for use as a floss, however, 
these monofilaments sometimes are not strong enough to withstand forces experienced 

15 during flossing, and are susceptible to shredding or tearing. 

Dental flosses often include additives such as flavors or colors. These 
flavors have been conventionally applied by coating the additive onto the surface of the 
floss. Some dental flosses and tapes have been coated with waxes to aid in insertion of 
the floss or tape between the teeth. 

20 . Improved dental flosses are formed of a single filament that includes two 

or more coextruded thermoplastic elastomer ("TPE") components selected to provide 
desired properties to the floss. Manufacturing floss from two or more different TPE 
components can provide the floss with the desired characteristics of each component 
(e.g., good tensile strength, slipperiness, and comfort during use), which otherwise 

25 might be unavailable from a single component For example, in a core-and-sheath 
arrangement, the inner core TPE may provide greater tensile strength, viscoelasticity, 
resiliency and tear-resistance to the fiber than are available with the sheath material 
alone; the outer sheath material may provide a desired surface property, such as 
slipperiness or softness or abrasiveness, to improve ease of insertion, comfortTmouth 

30 feel" and cleaning capability, respectively, of the floss; either material may serve as a 
carrier for additives, such as flavors, scents and medicaments. 

In a sheath-and-core arrangement, TPE components are selected to 
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ensure that the sheath and core are sufficiently adhered to each other so that separation 
during use is avoided. The monofilament's properties can be adjusted through properly 
blending different TPEs while retaining proper adhesion between the core and sheath. 
Adhesion may also be improved by varying the surface area of the core, or increasing 
5 the number of filaments comprising the core. 

When relaxed, the diameter of multicomponent TPE monofilament floss 
of the invention may be too large to insert between teeth for flossing. Due to the 
viscoelasticity of the TPE materials, however, the floss is capable of being stretched 
before use, thereby decreasing the diameter of the monofilament for easier insertion 
10 between the user's teeth. 

A further aspect of the invention features improved multicomponent 
dental flosses in which one or more of the components includes an additive, e.g., a 
color, fragrance, flavor or active ingredient, which is releasable from the floss. 

The improved flosses of the invention can be made by a method which 
1 5 includes (a) coextruding two or more TPE polymers through a multicomponent die to 
form a multicomponent filament of a specific geometry; and (b) treating the filament 
for use as a dental floss by, for example, creating a textured surface. 

Alternatively, TPE gel can be applied to floss by pressure-coating or 
"pulltruding" the core filament(s) of one or more components, which can then also be 
20 textured. 

Additionally, the invention features methods of flossing the teeth of, 
e.g., a human, by inserting between two teeth a length of a dental floss of the 
invention. 

Other features and advantages of the invention will be apparent from the 
25 drawings, the following Detailed Description: 

Fig. 1 is a schematic view of a horizontal production line for 
manufacturing a coextruded dental floss according to one embodiment of the invention. 

Fig. 2 is a cross-sectional view of a spinneret usable to produce 
multicomponent, coextruded flosses of the present invention. 
30 Fig. 2a shows the die-and-slot arrangement for producing the M islands-in- 

the-sea" tape embodiment. 

Figs. 3a - 3d are cross-sectional views, taken radially, of multicomponent 
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coextruded filaments having cores with various cross-sections to increase the degree of 
adhesion between the core and sheath materials, either by increasing the surface area 
alone (Figs. 3a, 3e and 3f) or by also using mechanical interlocking structures (Figs. 3b 
and 3d). 

5 Figs. 4 - 4f are cross-sectional views, taken radially, of a trilobal single 

component filament according to one embodiment of the invention, a triloba] multi- 
component filament having a sheath/core cross-section, a trilobal multi-component 
filament having a tipped cross-section, and filaments having four and six square bumps 
and four and six triangular bumps to create a textured surface, respectively. 

10 Figs. 5a - 5d are cross-sectional views of various embodiments of a floss 

having core filaments embedded in a gel body: an 1 1 x 12 x 1 1 tape; an 1 1 x 12 x 1 1 
rod; a rod floss having five distinct groups of eight core filaments each; and a floss 
having 39 filaments arranged in three concentric circles surrounding a single core 
filament all embedded in gel. 

15 Figs. 6 - 6b are optical micrographs of "islands-in-the-sea M dental floss of 

the invention at 300X magnification. 

Fig. 7 depicts a spiral-textured floss. 

Fig. 8 depicts the equipment set-up used to conduct the fray test. 
Before the present monofilament, multicomponent dental flosses and 

20 processes for extruding such are described, it is to be understood that the invention is 
not limited to the particular embodiments or extrusion methodologies described. Such 
floss components and methodologies may, of course, vary. It is also to be understood 
that the terminology used herein is for the purpose of describing particular 
embodiments only, and is not intended to be limiting. Instead, the scope of the present 

25 invention will be established only by the appended claims. 

It must be noted that as used in this specification and the appended 
claims, the singular forms "a", "an" and 4t the" include plural reference unless the 
context clearly dictates otherwise. Thus, for example, reference to "a polymer" 
includes mixtures of different polymers. 

30 Unless defined otherwise all technical and scientific terms used herein 

have the same meaning as commonly understood to one of ordinary skill in the art to 
which this invention belongs. Although any methods and materials similar or 
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equivalent to those described herein can be used in the practice or testing of the present 
invention, the preferred methods and materials are now described. All publications 
mentioned herein are incorporated herein by reference. 

Definitions 

5 By "multicomponent", we mean that the filaments have two or more 

components, each comprised of a different thermoplastic material; by "coextruded", we 
mean that at least two of the components are present in the form of substantially 
separate phases having a distinct interface between them, rather than being intermixed 
after simultaneous but separate extrusion. The filaments are preferably formed by 

10 processes which are referred to in the art as "coextrusion", but the term "multi- 
component coextruded", as used herein, encompasses filaments having the structure 
described herein which are manufactured by processes other than coextrusion. The 
term "dental floss", as used herein, is defined to include dental flosses, dental tapes, 
and similar articles, that are sized to be drawn between the teeth. 

15 The dental flosses of the present invention include an inner core and an 

outer sheath of a soft polymer. The core includes a TPE and the outer sheath includes 
a different TPE. 

Preferred core components include styrenic-based elastomeric 
copolymers. Examples include SEBS (Styrene-Ethylene-Butylene-Styrene), available 

20 from Shell under the tradename KRATON®, and from Consolidated Polymer 

Technologies (CPT) under the tradename C-Flex; SEPS (Styrene-Ethylene-Propylene- 
Styrene), available from MA. Hanna; and SPBS (Styrene-Propylene-Butylene-Styrene), 
available from Kuraray Co. Polyether block amides such as those available under the 
tradename PEBAX* from ELF Atochem may be used if combined with a styrenic- 

25 based copolymer, since pure PEBAX cores do not adhere well to gel sheaths. 

Likewise, (i) polyurethane-based materials (thermoplastic urethanes (TPUs)), such as 
Tecoflex and Tecothane, both available from Thermedics Inc., Pellathan, available from 
Dow Chemical, and Elastollan, available from BASF, (ii) polyester-based TPEs, such 
as Hytrel available from DuPont, (iii) polyolefin-based TPEs, such as SARLINK 

30 available from DSM Corp. and SANTOPRENE available from AES Corp., and (iv) 
caprylactam-based polyurethanes, do not adhere well to gel sheaths when in pure form. 
Thus, they should also be blended with a styrenic-based copolymer to ensure proper 
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adhesion. Examples of acceptable blended cores are Pellathan/Septon (a styrenic-based 
copolymer) commercially available from M.A. Hanna as HTE 2203, and a one: one 
blend of PEBAX MX 1 205/KRATON FG1901. 

Styrenic-based copolymers are also preferred for the sheath material. 
5 Preferable sheaths have a Shore A hardness of less than about 1 0. Preferred TPEs for 
the sheath that can be used include styrenic-based copolymers such as those available 
from GLS Corporation (Cary, Illinois) (e.g., LC 115-035B, based on KRATON 
G-1651); SEPS gel (such as XL0141-x), available from M.A. Hanna, and C-Flex. 

The sheath layer may include one or more extenders to increase its 

10 softness. Styrenic block copolymers may be extended with a wide variety of materials, 
as is well known in the art. Suitable extenders include oils, waxes, resins, asphalts, and 
other polymers, including polyolefins (see, e.g., Technical Bulletin No. SC: 1757-93, 
The Shell Chemical Company describing extenders for KRATON block copolymers). 
Preferred extenders for increasing the softness of the sheath TPE typically associate 

15 with the rubber phase of the copolymer, and include mineral oil (such as Britol, 

Hydrobrite or Duoprime), silicone fluid, low molecular weight polyethylene, and low 
molecular weight SEBS/SEPS. 

A thermoplastic elastomer and extender are selected to provide a desired 
combination of softness and resistance of the sheath layer to tearing or abrasion when 

20 used. Preferably, the sheath layer material includes a sufficient amount of extender to 
reduce the Shore A hardness of the material to less than ten. 

Various adhesion enhancers such as modifiers to help in processing (e.g. 
polyolefins), adhesives (e.g., EVA) or tacktifiers (e.g., alpha-methyl vinyl styrene) may 
be added to either or both of the core and sheath TPEs to enhance the degree of 

25 adhesion at the interface therebetween. For example, functionalized (maleic anhydride- 
grafted) TPE (e.g., KRATON FG1901X, a maleic anhydride-grafted SEBS copolymer) 
can be added to either one or both of a harder core made of PEBAX MX 1205 or 
Pellathan or Hytrel, and a softer sheath made of KRATON G6713 or other TPE 
material to improve adhesion. Low molecular weight SEBS can also be added to a 

30 TPU for better adhesion. Adhesion can also be improved by adding to the sheath layer 
a TPE chemically similar to the core material. 

Examples of constituted gel materials that may be used with Hanna's 
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HTE 2203 core material are: 



Material 


Hanna Gel 
XL0141-8 
(%) 


Hanna Gel 
XL0141-21 
(%) 


Hanna Gel 
XL0141-26 
(%) 


Septon 4055 (SEPS) 


16.8 


16.8 


16.6 


Britol 50T (High Mol. 
Wt. Mineral Oil) 


80.0 


— 


— 


Irganox 1010 (antiox.) 


0.1 


0.1 


0.1 


Irgafos 168 (antiox.) 


0.1 


0.1 


0.1 


Affinity PL 1880 
(modifier: low MWPE) 


3.0 


3.0 


— 


Duoprime 90 (mix) 






41.5 


Duoprime 90 (inject) 






41.5 


Kemamide E (used as an 
antiox.) 






0.2 


Hydrobrite 200 (mix) 




40.0 




Hydrobrite 200 (side inject) 




40.0 





Depending upon the desired characteristics of the floss, it is generally 
preferred that the floss cross-sectional area has greater than 20% of its area attributed to 

20 the strengthening core component, with a preferred ratio or cross-sectional areas of 
about 50% core TPE to about 50% sheath TPE. Further, preferred flosses have an 
outer diameter of from about 0.04 to 0.14 inches. For example, a floss having a HTE 
2203 core hardness of 65 Shore A and an SEPS sheath hardness of 0 Shore A should 
have a diameter of about 0.08. The softer the gel, the wider the floss may be without 

25 adversely affecting the user's ability to use the floss. The strength of monofilament 
floss increases as the core to sheath ratio increases, provided that the core TPE is 
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stronger than the sheath TPE. Whether a gel monofilament is suitable for flossing may 
be determined by focusing on tear strength and hardness of the monofilament and 
materials used, rather than solely on tensile strength of the resulting monofilament. 

As the hardness of the core material (and therefore its strength and tear 
5 resistance) increases, the desirable outer diameter of the floss should decrease, and the 
ratio between core and sheath should decrease, to ensure proper insertion between a 
user's teeth. If the outer diameter and ratio remain as large as for softer core materials, 
then the floss cannot be stretched sufficiently to enable use of the material as a floss. 
For example, if the core TPE in a core/sheath arrangement has a Shore A hardness of 

10 greater than about 35, then the outer diameter of the monofilament should be less than 
about 0,07 inches and the core/sheath ratio should be about 20:80. However, if the 
core comprises multiple filaments and the sheath material has a hardness of <= 0 Shore 
A, then the outer diameter can be increased above 0.07 inches and can increase the 
core/sheath ratio above 20:80 to, for example, 50:50. 

15 Typical flosses of the invention preferably have a Shore A hardness of 

less than about 10, an elongation at break of greater than about 300%. The floss 
resulting from combining the core and sheath materials typically can withstand repeated 
stretching at room temperature to at least twice its original length and will forcibly 
return to approximately its original length when the tensile force is removed. 

20 TPE components used in the floss of this invention preferably have an 

elasticity above 200% and preferably above 300%. Preferable ranges of viscoelasticity 
are from about 300% to about 1200% for the core material and from about 700% to 
about 2000% for the sheath material. 

The tear resistances of the core and sheath materials forming the floss 

25 are also important to prevent undue shredding or tearing of the floss during use. 

Sheath materials preferably have greater than about 30 pounds per linear inch ("pli"), 
and core materials preferably have greater than about 250 pli, using an ASTM die "C" 
tear test, ASTM No. D412 run at 23°C. and 20 in./min. 

Tear resistance may also be determined by the fray test, which requires 

30 stretching the elastic floss to its maximum elongation, mounting the floss on a holder 
and repeatedly mechanically inserting the stretched floss between a pinch point created 
by two artificial "teeth". As depicted in Fig. 8, each "tooth" is mounted on a spring to 
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permit a certain amount of give in the apparatus. Both A4 teeth" are mounted on a single 
pivot point and are held together by a one pound force. Two sets of teeth were used, a 
blunt set having a smoothly rounded contact point, and a sharper set having a sharply 
angled contact points which was used for flosses that could withstand a high number of 
5 cycles on the blunt set. The force pushing the teeth together is calibrated by using a 
piece of nonstretchable material, such as nylon. The normal force measured by the 
instron to pull a piece of nonstretchable material from the blunt set of teeth was 
approx 1 pound. The number of cycles of insertion before breakage is indicative of the 
strength and abrasion resistance of the floss. Flosses preferably withstand more than 

10 about forty cycles of insertion and retraction between the blunt "teeth" before breaking. 

Various combinations of TPEs are shown in the examples. It has been 
found that best results are achieved if both TPE materials are manageable around the 
same temperature, and have roughly the same viscosity at handling temperature. If the 
handling temperature for one TPE differ significantly from that of the other TPE (e.g., 

15 greater than about 50°F. difference), then processing problems can occur in making the 
multi-component blends. These problems include, for instance, non-even cross- 
sectional distribution of the core and sheath materials, oddly- or irregularly-shaped 
product, or ineffective coextrusion because one of the materials is too liquid at the 
operating temperature required for the other material to maintain its form. 

20 Coextruded monofilament floss has also been produced with a reversed 

geometry: having the softer gel material form the inner core, surrounded by a thin 
sheath of the TPE component chosen for strength, elasticity and tear-resistance. For 
example, the sheath can be made of a PEBAX/nylon blend or polyurethane. These 
flosses, however, are not as desirable as when the sheath is made of a softer material, 

25 because of increased abrasion and less desirable mouth feel. 

Texturing can be added to the surface of the floss. Texturing improves 
the feel of floss, and increases user satisfaction with the degree of cleaning achieved by 
the floss. For example, as shown in Figs. 4c-4f, various geometries of the cross- 
sectional areas of the monofilaments can be used, including square and triangular 

30 bumps. A textured surface increases the user's satisfaction with the floss because of 
the apparent increased cleaning ability of the floss. 

Textured floss can also be created by knitting the core material to 
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produce a bulkier, more irregular surface on which gel is then applied, or, for a 
multiple filament bundle, by braiding or twisting the multiple filaments before gel- 
coating the bundle. See, for example, Fig. 7 depicting a twisted monofilament having a 
cross-section as shown in Fig. 4c. 
5 Another alternative structure for creating a floss having a textured 

surface is to helically-wrap one or more fine filaments around either the floss core 
filament or core bundle of filaments, which is then covered with the sheath material, or 
around the entire floss, so that the wrap material is not concealed from the user's teeth. 
Since the wrap material (less than about 45 denier) is small in diameter when compared 
10 to the floss' diameter (for this embodiment, less than about 0.02 inches), its only 
purpose being to create an irregular surface, the material must have a higher tensile 
strength than the core material and must be capable of holding its geometry during use. 
Nylon has been used successfully for this purpose. 

Preferred flosses may also have a "multiloba!" cross-section, as shown in 
15 Fig. 4. Preferred filaments include from 3 to 8 "lobes"; one suitable filament has 3 
"lobes," as shown in Figs. 4-4b, The filaments are preferably formed by extrusion 
through a die having the appropriate "multilobal" cross-section. Multicomponent 
filaments having this cross-sectional configuration may have a sheatlx/core (Fig. 4a), 
tipped (Fig. 4b), or other suitable cross-section. 
20 Apart from texturing concerns, the sheath and core may have any 

suitable cross-section, preferably a symmetric sheath/core cross-section (Fig. 3b) or an 
eccentric sheath/core cross-section (Fig. 3a). Alternatively, the floss may have a side- 
by-side arrangement (Fig. 3) or a pie cross-section. (Fig. 3d). Multifilament 
arrangements are also possible, such as depicted in Figs. 5a-5d ("islands-in-the-sea", 
25 and figures depicting the "islands-in-the-sea" and coated multifilament embodiments as 
disclosed in the U.S. Patent Application entitled " 'Satin' Dental Floss," filed 
concurrently herewith. These arrangements permit increased adhesion between the core 
and sheath materials by increasing the surface area across which the materials are in 
contact. 

30 Adhesion can also be improved between core and sheath materials either 

by varying the geometry of a single core to increase the surface area of contact 
between the core and sheath materials, as disclosed in Figs. 3a, 3e and 3f, and by 
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creating mechanical interlocking structures between the core and sheath materials, as 
disclosed in Figs. 3b and 3d. A separate adhesive layer may also be included between 
the gel sheath and core to ensure adhesion between the two. Inclusion of such a layer, 
however, increases the complexity of manufacturing such a floss. 
5 Additives 

The described preferred embodiments can be formulated to include one 
or more additives, e.g., a color, flavor, or active ingredient, in one or more of the 
components of the floss. For example, the sheath layer may contain an abrasive for 
improved cleaning such as kaolin, clay, and silica, or flavors and pigments to flavor 

10 and color the floss. Examples of such additives are chlorhexidine (or a salt thereof), 
sodium fluoride, flavor (e.g. Polyiff®, or peppermint oil, from International Flavors and 
Fragrances Co. or Quest International Fragrance Inc.), fragrance, tooth desensitizer, 
tooth whitener, pigments, e.g., titanium dioxide, to impart color to the floss, or 
antioxidants, to prevent discoloration, or other additives suitable for use in dental 

15 flosses such as antimicrobial agents. The preferable TPE for carrying the additive will 
be determined by the additive used, as would be readily appreciated by one skilled in 
the art. 

The additive-containing component(s) may be water-soluble, to allow the 
additive to leach from the floss during use. The additive may also be provided as 
20 supplied, in microencapsulated form, or adsorbed or absorbed onto another additive, 

e.g., a particulate filler. Flavoring, for example, can also be released through a floss by 
incorporating the fluid into a floss with a tubular core. 

The additive, if desired, can be incorporated in encapsulated form. 
Encapsulation may be used for thermal protection or moisture protection of the 
25 additive, and may be accomplished by any number of conventional techniques, such as 
spray drying spray-chilling, drum drying or solvent evaporation. 

Advantageously, additives in liquid and/or encapsulated form can be 
incorporated into the flosses of the invention during manufacture of the filaments, 
rather than applying the additives later during separate coating steps. This not only 
30 reduces the number of processing steps, but also reduces the amount of additive needed. 

How flavor oils, for example, are added to the floss depends on whether 
the materials in the floss are susceptible to breakdown by the oils, all as known in the 
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art. Some materials, such as polyether polyurethanes and KRATON, are not attacked 
by flavor oils. Liquid flavors can therefore be dip-coated or sprayed directly onto the 
floss itself without concern about the floss' integrity, all as appreciated by one skilled 
in the art. 

5 A preferred method for forming a dental floss of the invention is shown 

schematically in Fig. 1 . First, two or more TPEs are coextruded through a two- 
component extrusion die. The polymers are chosen to produce a floss having the 
desired physical properties and/or the relative cross-sections, as described above. 
Preferred outer diameters of the holes in the die are from about 0.04 to about 0.14 

10 inches. The die block is fitted with heater probes and a thermocouple. The heater is 
set at a temperature sufficient to avoid solidifying both TPEs. Suitable temperatures 
for the die block to permit the TPEs to easily flow can be determined empirically for a 
particular elastomer or elastomer/extender blend. 

The filament exiting the die then passes through a water quenching 

15 chamber. The orientation of the die will dictate the location of this chamber. If the 
coextrudate exits the die horizontally (as depicted), then the water quenching chamber 
will be located directly downstream as close as possible to the spinneret, to minimize 
the opportunity for the horizontally-disposed filament to deform before quenching due 
to gravity. If the coextrudate is produced in a vertical stream, however, then 

20 deformation of the molten polymer stream due to gravity is not as great a concern, and 
the water bath may be placed further away, although still preferably less than two feet 
from the die. The monofilament fiber is guided under low tension from the extruder 
through the quench chamber and, upon exiting the bath, is passed over a series of 
tension-controlled rollers before being wound-up under low tension. The speed of the 

25 tension rollers controls the size of the final filaments. Preferred speeds of travel of the 
fiber through the above process are from roughly 150 feet per minute for commercial 
processing. No draw-down is necessary for these filaments. 

Twisted flosses as shown in Fig. 7 may be produced by twisting the hot 
molten extrudate before setting in the cold water bath. Alternatively, post-coextrusion 

30 treatment of the floss by heating to approximately 250°F M twisting, and then setting in 
cold water will produce the same result. 

Crimped or embossed floss may be produced by passing the hot 
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extrudate, before quenching in the water bath, through an opposing set of chilled and 
motorized aluminum wheels containing a textured groove. The depth of the groove is 
roughly half that of the extrudate, so that grooves in two opposed wheels permit the 
floss to pass through and be textured without substantial deformation. Patterns etched 
5 into the grooves transfer to the extrudate as it passes through the grooves while being 
quenched. Patterns may take any form although cross-hatched or screw-type 
impressions are preferred. The speed of the wheels should be set to match the 
extrusion speed. The wheels should be coated with teflon, or wet with water to prevent 
the hot extrudate from sticking to the wheels. 

10 Alternatively, if the floss is to be crimped after the floss has already 

been cooled, then a heated (up to around 100°F.) grooved wheel may be used, after 
which the floss is requenched. The small amount of heat is sufficient to soften the 
outer layer of the floss to permit crimping. 

If floss is braided or knitted, soft sheath material can be coated in a layer 

15 thin enough so that the outer surface of the floss has a geometry corresponding to the 
outer surface of the braided or knitted portion. 

In another embodiment of the invention, multiple filaments of one or 
more components are extruded as taught in the U.S. Patent Application entitled " 
'Satin' Dental Floss," filed concurrently herewith. For example, multiple filaments of 

20 Elastollan are extruded, water-quenched, and heat drawn in a 2:1 ratio to orient the 
individual filaments. SEPS gel is then pressure-coated, or "pulltruded," onto the 
surface of the horizontally-oriented bundle by drawing the filaments through a single- 
hole die to which the SEPS gel is applied. Preferred bundles of multiple filaments 
have 144, 96 or 48 filaments. 

25 Finally, floss may be packaged in any manner. One preferred manner is 

to package approximately six-inch relaxed lengths of the floss in a gas- impermeable 
material to maintain sterility and prevent excessive evaporation of the flavor oils. The 
package is attached at either end of the floss, so that when the packaging is torn, the 
package ends provide useful tabs for the user to hold while flossing. Another manner 

30 is to package the floss under low-tension on a small bobbin. 

Examples 

The following examples are put forth so as to provide those of ordinary 
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skill in the art with a complete disclosure and description of how to make the 
monofilament flosses and carry out the extrusion methodology of the invention, and are 
not intended to limit the scope of what the inventors regard as their invention. Efforts 
have been made to ensure accuracy with respect to numbers used (e.g., amounts, 
5 temperatures, etc.) but some experimental errors in deviation should be accounted for. 

The following description of an equipment set-up and manufacturing 
procedure is representative of that used to create the flosses described. Two 1.25-inch 
diameter extruders were connected to a two-component extrusion die with metering 
pumps on each screw operating to deliver the flowrate of material to the die to form a 

10 floss having a ratio of 50:50 core material:gel material. The two-component extrusion 
die included a metering plate, a distributing plate, etched plates, and a spinneret/ die. 
Operating temperatures of the equipment and molten materials were recorded at various 
stages before leaving the die. After being coextruded through the extrusion die 
according to standard methods, the extrudate was processed with a downstream filament 

15 spinning set-up to produce floss. The downstream set-up included a quenching water 
bath, tension-controlled rollers and a winder. 

Using the equipment set-up and procedures described above, the 
following specialty bicomponent, monofilament flosses were formed, which exhibited 
improved mechanical properties over a single component "gel" monofilament: 
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Example inc.. 


i 
i 


2 




Date of Run 


(Wi 7/Q£ 






uross-secnon 


j*t laidllUa/aCo 

rod; Fig. 6b 






uore component 


TPII/KRAT HTF 2203 


TPU/KRAT HTE 2203 


5 


bneatn Lomp. 


oE/XO gel ALUl*tI-0 






Ratio (Sheath/Core) 


50/50 


50/50 




Sheath O.D./ 


Rod 0.08" O.D. 


0.0065" x 0.372" 




Core O.D. (in.) 








Metering Pumps 


6 cc / 5 rpm 


6 cc / 3 rpm 


10 


(size (cc)/speed (rpm)) 


both 


both 




Temp, of Core 
mat 1 at uie exit ^ 


201 


199 


15 


Temp, of Sheath 
mat 1 at cue exit [ uj 


205 


200 




i emp. oi opm 
Head (°C.) 


210 


203 




Winder bpeea 
(mpm) 




K>1 annul "winH 


20 


Fray Test (avg. 
of 5 runs) 


=. 147+/- 8 
Blunt 


197 Blunt; 
3.2+/- 0.2 Sharp 




Tensile 
strength (kg) 


3.1 +/- 0.1 


not measured 




Comments 




15 mm x 0.17 mm 
slot die; vertical 
extrusion 



25 
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Example No.: 


3 


4 


Date oi Kun 






Cross-section 


Lore/sneatn 


Core/sheath tube; 
Fig. 4c 


Core Component 


HannaHTE 1113 
(Shore A 66 SBS) 


PEBAX MX1205 / 
KRATON FG1901 
1:1 blend 


Sheath Comp. 


GLS LC115-035B 


GLS LC 115-035B 


Ratio (Sheath/Core) 


80/20 


80/20 


Sheath O.D./ 
Core O.D. (in.) 


0.07" / 0.032" 


0.060" / 0.032"' 
tube 0.020" 


Metering Pumps 
(size / speed 
(rpm)) 


1 amp/19.5 rpm 
for sheath mat'l; 
no melt pump for 

core mai i 


1 amp/19.5 rpm for 

sheath mat'l; 
no melt pump for 
core max i 


Temp, of Core 

mat i at die exit ( u.j 


not measured 


not measured 


Temp, of Sheath 
mai i ai aie exix ^ v_.^ 


not measured 


not measured 


Temp, of Spin 
Head (°C.) 


182 


182 


Winder Speed 
|(mpm) 


22.3 ft/min. 


approx 22 fL/min. 


Fray Test (avg. 
of 5 runs) 


24 +A1 
Blunt 


62+/- 10 
Blunt 
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Example No.: 


5 


Date of Run 


03/07/96 


Cross-section 


Multiple Bicomponent 
Filaments 


Core Component 


Hanna TPU/KRATON blend 
HTE 2203 


Sheath Comp. 


GLS KRATON G6713 


Ratio (Sheath/Core) 


30/70 


Sheath O.D. / Core O.D. (in.) 


— 


Metering Pumps 

(size (cc) / speed (rpm)) 


6cc / 2.4 rpm (sheath) 
occ / j.o rpm jcorej 


Temp, of Core matM at die exit (°C.) 


196 


Temp, of Sheath mat'l at die exit (°C.) 


197 


i cinp. oi opm ncou ^ Vx. ) 




Winder Speed 


hand-wound 


Fray Test (avg. of 5 runs) 


96 filaments: 32+/-2 
cycles (Sharp) 

48 filaments: 37+/-3 
cycles (Sharp) 



Other embodiments are within the claims. For example, while 
bicomponent monofilaments have been described above in the Detailed Description; the 
filaments could contain any desired number of components, and in this case would be 
manufactured by extrusion through a suitable multicomponent die using the appropriate 
20 number of extruders. 
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1. A multicomponent, monofilament, viscoelastic dental floss comprising a 
core composed of a first thermoplastic elastomer and a sheath encasing said core 
composed of a second, different thermoplastic elastomer, the difference of the melting 

5 points of said first and second thermoplastic elastomers being less than about 30°C, 
said floss having a Shore A hardness of less than about 10 and an ultimate elongation 
of greater than about 300, said floss having a tear resistance of greater than about 40 
cycles on a blunt-toothed fray test. 

2. The dental floss of claim 1, wherein at least one of the core and sheath 
10 thermoplastic elastomers comprises a styrenic-based block copolymer. 

3. The dental floss of claim 2, wherein said block copolymer is blended 
with another material, said blend improving the chemical affinity between the core and 
sheath elastomers. 

4. The dental floss of claim 3, wherein said blend is selected from the 

15 group consisting of polyurethane/styrenic-based block copolymer, polyamide/styrenic- 
based block copolymer, polyester/styrenic-based block copolymer, polyolefin/styrenic- 
based block copolymer, or maleicanhydride modified styrenic-based block copolymer. 

5. The dental floss of claim 4, wherein the block copolymer is a selected 
from the group consisting of styrene-ethylene-butylene-styrene, styrene-ethylene- 

20 propylene-styrene, styrene-propylene-butyiene-styrene, styrene-isoprene-styrene, and 
styrene-butadiene-styrene copolymers. 

6. The dental floss of claim 1, wherein the sheath further comprises an 
extender to increase the softness of said sheath. 

7. The dental floss of claim 6, wherein the extender is selected from the 
25 group consisting of oils, waxes, resins and asphalts. 

8. The dental floss of claim 1, wherein said first elastomer of said core is 
selected to provide strength to the floss, and said second elastomer of said sheath is 
selected to provide a surface having at least one predetermined physical characteristic. 

9. The dental floss of claim 1, wherein one or more of the elastomers of 
30 the floss includes an additive. 

10. The dental floss of claim 9, wherein the additive is selected from the 
group consisting of colors, fragrances, flavors, therapeutically-active ingredients, and 
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modifiers which improve the adhesion between the elastomers of the core and sheath. 

11. The dental floss of claim 10, wherein said modifier is selected from the 
group consisting of functionalized thermoplastic elastomers, thermoplastic elastomers 
having the same block copolymer structure as the thermoplastic elastomer in the 

5 corresponding portion of said floss, tacktifiers, or adhesives. 

12. The dental floss of claim 9, wherein the additive is incorporated into the 
floss in a manner to allow it to be released from the floss during use. 

13. The dental floss of claim 1, wherein said core comprises one or more 
components different from a component of said sheath. 

10 14. The dental floss of claim 1, wherein said first elastomer of said core has 

a viscoelasticity in the range of from about 300% to about 1200%, and said second 
elastomer of said sheath has a different viscoelasticity in the range of from about 300% 
to about 2000%. 

15. The dental floss of claim 1, wherein said core has geometrically-enlarged 
15 surface area to increase adhesion between the core and the sheath. 

16. The dental floss of claim 15, wherein said core has a cross-sectional 
shape that is multi-lobed, multi-petaled, multi-spiked or multi-spoked. 

17. The dental floss of claim 1, wherein said core has geometrically-enlarged 
surface area that comprises means for interlocking the core and sheath for enhancing 

20 adhesion therebetween. 

18. The floss of claim 1, having a cylindrical cross-section with an outer 
diameter of from about 0.04 inches to about 0.14 inches. 

19. The floss of claim 1, having a textured outer surface. 

20. The floss of claim 19, wherein the floss is twisted. 

25 21. The floss of claim 19, wherein said textured surface is created by 

multiple protrusions. 

22. The floss of claim 19, wherein said textured surface is created by 

helically-wrapping a relatively small-diameter filament around said floss at a radial 
distance at least as large as the outer diameter of said core. 
30 23. The floss of claim 19, wherein said textured surface is created by 

imprinted regular indentations or crimps. 

24. The floss of claim 1, wherein said core has a tubular cross-section along 
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substantially its entire length. 

25. A multicomponent, monofilament, viscoelastic dental floss comprising a 

plurality of continuous cores having a first thermoplastic elastomer and a body sheath 
substantially adhered to and substantially surrounding each of said cores along 
5 substantially the entire lengths thereof comprising a second thermoplastic elastomer, the 
difference of the melting points of said first and second thermoplastic elastomers being 
less than about 50°F., said floss having a Shore A hardness of less than about 10 and 
an ultimate elongation of greater than about 300, about 300, said floss having a tear 
resistance of greater than about 40 cycles on a blunt-toothed fray test. 
10 26. The dental floss of claim 25, wherein said plurality of continuous cores 

are arranged in multiple groupings of cores spaced throughout the floss' cross-sectional 
area. 

27. The dental floss of claim 26, wherein said multiple groupings comprise 

five offset groupings of eight cores each. 
15 28. The dental floss of claim 26, wherein said multiple groupings of cores 

comprise multiple offset rows. 

29. The dental floss of claim 28, wherein said multiple offset rows comprise 
three offset rows of 1 1, 12 and 11 cores. 

30. The dental floss of claim 26, herein said multiple groupings comprise 
20 multiple concentric circles. 

31. The dental floss of claim 30, wherein said multiple concentric circles 
comprise 1, 8, 12 and 18 cores. 

32. A method of making a multicomponent, monofilament, viscoelastic 
dental floss of claim 1, comprising the steps of: 

25 coextruding two or more thermoplastic elastomers through a multi- 

component die assembly to form coextrudate comprising said at least one core having 
said first thermoplastic elastomer and said sheath comprising said second thermoplastic 
elastomer; and 

quenching said coextrudate. 
30 33. The method of claim 32, wherein at least one of the core and sheath 

thermoplastic elastomers comprises a styrenic-based block copolymer. 
34. The method of claim 33, wherein said block copolymer is blended with 
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another material before extrusion, said blend improving the chemical affinity between 
the core and sheath elastomers of said dental floss. 

35. The dental floss of claim 34, wherein said blend is selected from the 
group consisting of polyurethane/styrenic-based block copolymer, polyamide/styrenic- 

5 based block copolymer, polyester/styrenic-based block copolymer, polyolefin/styrenic- 
based block copolymer, or maleicanhydride modified styrenic-based block copolymer. 

36. The method of claim 35, wherein the block copolymer is selected from 
the group consisting of styrene-ethylene-butylene-styrene, styrene-ethylene-propylene- 
styrene, styrene-propylene-butylene-styrene, styrene-isoprene-styrene, and styrene- 

10 butadiene-styrene copolymers. 

37. The method of claim 32, ftirther comprising adding an extender to the 
sheath elastomer before extrusion to increase- the softness of said sheath. 

38. The method of claim 37, wherein the extender is selected from the group 
consisting of oils, waxes, resins and asphalts. 

15 39. The method of claim 32, wherein said first elastomer of said core is 

selected to provide strength to the floss, and said second elastomer of said sheath is 
selected to provide a surface having at least one predetermined physical characteristic. 
40. The method of claim 32, further comprising the step of incorporating an 

additive into one or more of the elastomers before or during coextrusion. 

20 41. The method of claim 40, wherein the additive is selected from the group 

consisting of colors, fragrances, flavors, therapeutically-active ingredients, and 
modifiers which improve the interfacial adhesion between the elastomers of the core 
and sheath. 

42. The method of claim 41, wherein said modifier is selected from the 
25 group consisting of functionalized thermoplastic elastomers, thermoplastic elastomers 

chemically similar to the thermoplastic elastomer in the corresponding portion of said 
floss, tacktifiers, or adhesives. 

43. The method of claim 32, wherein said die assembly creates said at least 
one core having geometrically-enlarged surface area to increase adhesion between the 

30 core and the sheath. 

44. The method of claim 43, wherein said core has a cross-sectional shape 
that is multi-lobed, multi-petaled, multi-spiked or multi-spoked. 
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45. The method of claim 43, wherein said core has geometrically-enlarged 
surface area that comprises means for interlocking the core and sheath for enhancing 
adhesion therebetween. 

46. The method of claim 32, further comprising texturing the outer surface 
5 of said floss. 

47. The method of claim 46, wherein said textured surface is created by 
helically-wrapping a relatively small-diameter filament around said quenched 
coextrudate. 

48. The method of claim 46, wherein said textured surface is created by 

10 imprinting regular indentations or crimps on the surface of the molten floss before the 
coextrudate is quenched. 

49. The method of claim 46, wherein said textured surface is created by 
heating the surface of the quenched floss, imprinting regular indentations or crimps on 
the surface of the molten floss, and requenching the floss. 

15 50. The method of claim 46, further comprising twisting the textured floss. 

51. A method of making a multicomponent, monofilament, viscoelastic 
dental floss of claim 24, comprising the steps of: 

coextruding two or more materials through a multicomponent die 
assembly to form coextrudate comprising said plurality of cores having said first 
20 thermoplastic elastomer embedded in said sheath comprising said second thermoplastic 
elastomer; and 

quenching said coextrudate. 

52. A method of flossing teeth by inserting between two teeth a length of 
multicomponent, monofilament, viscoelastic dental floss comprising at least one core 

25 comprising a first thermoplastic elastomer, and a sheath comprising a second 
thermoplastic elastomer. 
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FIG 3 A. FIG 3B. 




FIG. 3C FIG 3D. 




FIG 3E FIG 3F 
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